ABSTRACT
INTRODUCTION
The identification of unknown DNA sequences (from a known segment) plays a crucial role in the field of molecular biology. It has applications including, but not limited to, gene mapping, determination of viral, transposon and transgene integration sites and walking from sequence tagged sites (STS). Previous techniques to address these issues have used polymerase chain reaction (PCR) (3, 6, 7, 9) with modifications including inverse PCR (10) , capture PCR (5), panhandle PCR (4) and vectorette PCR (1) . These methods work well but have limitations such as the need to digest the DNA with restriction enzymes, ligate the digested DNA with linkers and purify and/or subclone the products of PCR before sequencing. The need for multiple steps in these protocols makes them cumbersome and inefficient. We have described a technique known as restriction site PCR (RS-PCR) that uses universal primers (based on abundant restriction enzyme sequences) to directly sequence an unknown segment of DNA adjacent to a known locus (2, 8) . This was an improvement over other methods since it allowed sequence acquisition without the above limitations. However, RS-PCR requires PCR in eight separate tubes with a combination of RS primers and appropriate specific primers. We hypothesized that if we were to mix the four universal primers in the same PCR tube, we should still produce the desired sequence. We demonstrate this concept, termed multiplex RS-PCR (mRS-PCR), by acquiring (sequence walking) unknown sequence in both directions from a known segment. Multiplex RS-PCR requires only two PCR tubes: one tube for the first PCR and the other for nested PCR. In addition, we show that the amplification products after mRS-PCR can be subjected to direct automated sequencing without the need for any purification enabling further rapidity in sequence retrieval. Thus, only two tubes of PCR followed by direct sequencing are all that is required to practice mRS-PCR. By using mRS-PCR sequentially (sequence-walks), approximately 780 bp of sequence were obtained from a starting sequence of approximately 120 bp. The simplicity and timesaving potential of this approach should allow much quicker retrieval of unknown genomic sequences.
Sho r t Technical Repo r t s
walk, CT, USA). Oligonucleotides were synthesized at the Mayo Molecular Core facility (Rochester, MN, USA) on a Model 3948 Automated DNA Synthesizer (PE Applied Biosystems, Foster City, CA, USA). Direct automated sequencing was performed with an ABI PRISM ® 377 DNA Sequencer with XL upgrade (PE Applied Biosystems) using fluorescently tagged dideoxy chain terminators.
RS-PCR was performed exactly as described previously (8) . (5 ′ -TTGCTGTACGCCCAAGAATACGA-3 ′ ) were used for obtaining upstream sequence. Primers 1D and 1U were used for the first round of PCR, whereas primers 2D and 2U were used for nested PCR. Primers 3D and 3U were used as sequencing primers. These primers were used for one round of sequence acquisition on each side of the 120-bp segment. Additional specific primers were generated to obtain a total sequence of 905 bp (inclusive of the 120-bp segment).
RESULTS AND DISCUSSION
The rationale for the design of RS primers has been presented previously (8) . The four RS primers used in this experiment corresponded to Eco RI, Sau 3A, BamHI and Taq I restriction enzyme sites. Figure 1 illustrates the strategy, components and steps involved in mRS-PCR-mediated sequence retrieval. A known 120-bp segment of an undescribed gene was used to demonstrate the concept of mRS-PCR. DNA containing this segment was found to be amplified in the tumor of a chondrosarcoma patient (K.L. Weber, unpublished). Specific primers 1D, 2D and 3D ( Figure 1 ) were used to obtain sequences downstream (3 ′ end) of the 120-bp segment, whereas specific primers 1U, 2U and 3U were used to acquire the upstream (5 ′ end) sequence. The first PCR for obtaining the upstream sequence contained in separate tubes primer 1U and each of the four RS primers as a control for the earlier method, whereas the fifth tube contained primer 1U and all four of the RS primers exemplifying the mRS-PCR method. One microliter of the amplified material from each of these five tubes was used for nested PCR with specific primer 2U and the RS primers exactly as outlined above. The strategy for obtaining downstream sequences was exactly as above except that specific primers 1D and 2D were used.
Five microliters of the amplified material after nested PCR were electrophoresed in an agarose gel, results of which are presented in Figure 2 A, lanes 2-5) .
Occasionally, the RS-PCR method may not produce any product in a particular reaction, presumably because of the absence of a given restriction site within a PCR amplifiable region from one of the specific primers. This illustrates the need for using more than one RS primer for sequence retrieval by this method.
To determine if amplified DNAs obtained by mRS-PCR produce acceptable and reliable sequence, amplified products for all these reactions were subjected to direct automated sequencing with specific primers 3D and 3U for obtaining downstream and upstream sequences, respectively. All of these sequencing reactions produced equally reliable sequences, even though none of the templates were subjected to any purification procedure. The recent years have seen an increased intensity on the part of researchers to identify unknown genes and DNA sequences. Much of this interest is related to the field of tumor biology. Many methods have been described and used successfully to find these sequences. Our goal has been to eliminate the unwieldy steps involving DNA restriction and ligation reactions, DNA purification and cloning for acquisition of adjacent sequences from a given known region. Previously we were able to develop a technique using universal RSOs to eliminate these steps. Now, we have further refined the technique, allowing us to obtain reproducible, clean DNA sequences by performing PCR in only two tubes (one tube for the first PCR and the other for nested PCR) with a set of generic primers. No further modifications are necessary before direct automated sequencing. Since developing multiplex RS-PCR, it has been used in our laboratory in various projects (K.L. Weber, unpublished) to obtain adjacent unknown sequences 22 times. In our hands, mRS-PCR has been extremely reliable. The method has also been used in another laboratory at this institution with good results (unpublished observation). In addition, we have successfully used this technique for cDNA walking and to obtain sequence from the ends of inserts in cosmid and bacteriophage P1-derived artificial chromosome (PAC) clones (unpublished data). We feel that this method will greatly enhance identification of novel sequences from a given starting point. However, note that mRS-PCR or other related methods should not be considered as alternatives for standard methods in a sequencing project.
